CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

INTRODUCTION
Agricultural chemicals have been used in increasing quantities during the past 20 years to enhance crop production but also have affected the water quality of lakes and reservoirs in Iowa (Kennedy, 1978; Leung and others, 1982; Soballe and Bachmann, 1984) . In Iowa, several common herbicides used to control competing vegetation are the triazines (atrazine, cyanazine, simazine, and propazine) and the acetanilides (alachlor and metolachlor). Granular fertilizers and anhydrous ammonia are common sources of nutrients applied to enhance crop production. The use of chemicals has increased crop yields substantially, but chemical residuals have been transported to Iowa reservoirs (Wnuk and others, 1987; Kennedy and Miller, 1987, 1988; Kennedy, 1990, 1991) . Additional nutrients in reservoirs may cause excessive growth of algae and aquatic plants. The presence of agricultural chemicals in surface water also may adversely affect municipal water supplies. Use of water containing chemical concentrations that exceed Maximum Contaminant Levels established by the U.S. Environmental Protection Agency for drinking water poses a health risk, and treatment of the water to meet water-quality regulations may be costly. In addition, some tillage practices tend to increase the amount of soil erosion. The soil that is washed into streams and surface impoundments affects the aquatic environment and causes the water to become esthetically unsuitable for some uses. The soil also prematurely fills reservoirs and reduces the storage capacity needed for water supply and flood control.
The Iowa Department of Natural Resources and the University of Iowa Hygienic Laboratory conducted a study during 1986 to investigate the occurrence of herbicides in water supplies from surface-water sources in Iowa. Wnuk and others (1987) report that detectable concentrations of one or more pesticides were found in 30 of 33 sampled water supplies and that the concentrations in 21 of 33 supplies exceeded preliminary lifetime health advisory concentrations. Some of the largest concentrations of the most commonly used herbicides (atrazine, 21 ug/L (micrograms per liter) and metolachlor, 21 ug/L) were in samples obtained from treated water from Corydon Reservoir.
Because Corydon Reservoir is used for public water supply, there is a need to reduce the input of agricultural chemicals into the reservoir. One method to accomplish the reduction of chemical input is through prescribed land use and management procedures termed "best-management practices." These best-management practices, as defined by the U.S. Department of Agriculture, include the installation of conservation structures to control soil erosion and runoff and management assistance to make optimal use of nutrients and pesticides. The Iowa Department of Natural Resources, in cooperation with the U.S. Department of Agriculture, Iowa State University Extension, and the City of Corydon are working with farmers to implement bestmanagement practices in the Corydon Reservoir watershed.
To determine changes over time in the water quality of Corydon Reservoir caused by the implementation of chemical application and land-use practices called "best-management practices," there is a need to document the water quality before these practices are initiated. The U.S. Geological Survey, in cooperation with the Iowa Department of Natural Resources, Geological Survey Bureau, is conducting an investigation of water-quality in the Corydon Reservoir to determine the effects of implementing "best-management practices" in the basin.
Purpose and Scope
This report documents the areal and seasonal variation in water quality of Corydon Reservoir before "best-management practices" were initiated. This baseline information will be used to evaluate the effects of best-management practices on the water quality of Corydon Reservoir. Although terraces were constructed in a small part of the basin (150 acres) during 1991 (Douglas Bahl, U.S. Soil Conservation Service, oral commun., 1992) , data collected during this initial study were considered representative of conditions before the initiation of best-management practices.
To document the quality of water in the reservoir, both historical information and data collected during the first year of the study were used. Historical water-quality data from Corydon Reservoir are available from as early as 1934. Additional water samples were collected in the 1950's, 60's, and 70's. Water-quality data presented in this report covers the period from September 1990 through September 1991. Precipitation, the source of water and some agricultural chemicals, also was measured.
Monthly water-quality conditions in Corydon Reservoir and their relation to runoff are described.
Study Area Location
Corydon Reservoir basin is located in the headwaters of an unnamed tributary of Jackson Creek, a tributary of the South Fork Chariton River, in Wayne County, Iowa ( fig. 1 ). Wayne County is located in south-central Iowa adjacent to the Missouri border. The basin includes about 2.63 mi2 or about 1,680 acres. The topography of the area is relatively flat on the ridges near the basin boundary and steepens near the intermittent streams. The basin relief is 80 ft. Several small, intermittent streams drain the basin and flow into Corydon Reservoir. Density of these streams is 2.3 mi of streams per square mile of basin. The main channel slopes 15.5 ft/mi from the basin boundary to the outlet of Corydon Reservoir. The reservoir comprises about 58 acres, has a mean depth of 5.9 ft, and is divided into two parts. The main part of the reservoir has an area of about 52 acres when the level of the lake is at the crest of the spillway. A railroad embankment divides the upper end of the lake resulting in a 6-acre section of the reservoir west of the embankment. When the water level is at the top of the spillway, the reservoir contains almost 15 million ft3 (344 acre-ft).
Geology and Soils
The surficial geologic materials in the basin consist of unconsolidated glacial drift, loess, and alluvium. The glacial drift is composed predominantly of sandy, pebbly clay of varying thickness and extent. Glacial drift is relatively thick, greater than 100 ft, in the basin. Overlying the glacial drift on the uplands is a 5-to 10-ft layer of loess. Loess is windblown silt and clay-sized material. Streams have cut valleys into the drift and deposited alluvium along the principal streams (Cagle, 1969) . Alluvium is composed of clay, silt, sand, and gravel and underlies the flood plains and terraces.
Upland soils in Corydon Reservoir basin developed from loess and are characterized as slightly to poorly drained (Lockridge,1971 the slopes are derived from till and are moderately to poorly drained. Soils near the intermittent streams are a complex of soils developed on alluvium and of soils developed from materials washed from adjoining slopes (Lockridge, 1971) . These soils are moderately well drained to poorly drained.
Land Use
Abundant rainfall and the type of soil in the Corydon Reservoir basin provide suitable conditions for agricultural activities. Agriculture is the major land use in the basin, and corn and soybeans are the major crops. To enhance the yield of corn, seven of the nine farm operators in the basin applied an average of 128 Ib/acre of nitrogen during 1991. To control competing vegetation, pre-and post-emergent herbicides were applied to all corn and soybeans during 1991 (Gerald Miller, Iowa State Extension, written commun., 1992) . Several minor crops, oats, wheat, and hay, were raised for local livestock use. (Wnuk and others, 1987) . Concentrations of atrazine and metolachlor decreased to 0.90 and 0.33 |ig/L, respectively, in March 1987.
Soil that eroded from the basin and was subsequently transported to the reservoir has had a substantial effect on Corydon Reservoir. Resulting siltation has reduced the storage capacity of the water-supply reservoir, and the water level was raised in 1974 to compensate for the reduced storage (Donald McGee, Water Superintendent, City of Corydon, oral commun., 1992). Evidence of the siltation is seen on the 
Methodology
To define the effects of agricultural activities on the water quality of Corydon Reservoir, areal and seasonal water-quality data were collected. An initial water-quality appraisal was made to determine areal variability and to select representative monthly sampling sites. Concurrently, the shoreline was surveyed, and depth data were collected to calculate morphometric characteristics of the reservoir. Physical, chemical, and biological data were collected monthly at representative sites in the reservoir to define seasonal water-quality variation.
Data Collection
The water quality in Corydon Reservoir was initially appraised on September 19-20, 1990 . Measurements of water temperature and specific conductance were made onsite, and water samples were collected for analyses of selected chemical and biological constituents. Depth profiles of the water temperature and specific conductance were made from measurements taken at 2-ft intervals every 100 ft at eight cross sections in the reservoir. Thirteen water samples were collected from eight sites (table 1) for analyses of nitrogen species, total phosphorus, total organic carbon, and triazine herbicides. Morphometric characteristics of the reservoir (area, volume, and mean depth) were determined by developing a bathymetric map ( fig. 2 ). Standard survey methods (Rayner and Schmidt, 1963) were used to map the shoreline, and lines of equal depth were drawn on the basis of fathometer soundings at 18 cross sections. Surface area was determined by planimetering a plot of the shoreline from the surveyed points. Similarly, the area of each 1-ft line of equal water depth was planimetered. The reservoir volume then was estimated by summing the volume of each 1-ft truncated cone using the following equation (Wetzel, 1983, p. 31) where V is the volume in cubic feet, h is the vertical depth of the stratum in feet, Al is the area of the upper stratum in square feet, and A2 is the area of the lower stratum in square feet. The maximum depth was determined from fathometer readings and the mean depth is calculated by dividing the reservoir volume by the surface area.
The seasonal variation in water quality of the reservoir and water discharged from the reservoir were determined from monthly measurements of water temperature, specific conductance, pH, and dissolved oxygen onsite and monthly water samples for analyses of selected chemical and biological constituents from four sites ( fig. 3 and table 2 ). When water was discharging from the reservoir, onsite measurements and samples also were collected just downstream of the spillway. Water temperature, specific conductance, and dissolved oxygen were measured in situ using portable meters. The pH was measured by pumping a sample with a peristaltic pump from the selected depth and measuring at the surface. Specific conductance and pH meters were calibrated with standard reference solutions. Temperature values were calibrated with a mercury thermometer. Reservoir transparency was determined as the average of the depth at which a standard secchi disk disappeared from view when lowered into the reservoir and the depth at which it reappeared when raised (Lind, 1974) . Water discharged from the reservoir was measured monthly using standard current meter methods (Buchanan and Somers, 1969) .
Samples for chemical analyses were collected using two techniques. When onsite water-quality characteristics (water temperature and specific conductance) were uniform from top to bottom of the reservoir, depthintegrated samples were collected. Water was pumped from the reservoir by lowering and then raising the intake hose of a peristaltic pump at a uniform rate through the vertical section. When the field parameters indicated that the reservoir was stratified, separate samples were collected from the surface and at a point midway to the reservoir bottom. Upon return to the shore, within 2 hours of sample collection, samples to be analyzed for the nitrogen species and total phosphorus were preserved with mercuric chloride and chilled for shipment to the laboratory.
Biological samples were collected and preserved at the three reservoir sampling sites using techniques described by Britton and Greeson (1987) . Samples were collected at the surface in sterile bottles for the determination of fecal coliform and fecal streptococcal bacteria. The water sample was chilled until it could be filtered and incubated (within 6 hours of sample collection). Samples for the analyses of chlorophyll-a in the phytoplankton were collected at the surface, chilled, filtered within 6 hours, and shipped chilled to the laboratory.
Precipitation was measured using a Belfort1 weighing bucket rain gage located near the reservoir dam ( fig. 3 ). Data were supplemented with National Weather Service precipitation data from a site 8 mi west of Corydon (not shown) during periods of instrument malfunction. Precipitation-quality samples were collected automatically at the Corydon Reservoir rain gage with a wet/dry precipitation collector. Samples were removed weekly from the sampler and mailed to the U.S. Geological Survey office in Iowa City, Iowa.
1 The use of brand names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey. 
Analytical Methods
Water samples were analyzed by the U.S. Geological Survey National Water-Quality Laboratory in Arvada, Colorado, using techniques described by Fishman and Friedman (1989) . Enumeration of fecal coliform and fecal streptococcal bacteria and the determination of chlorophyll-a concentrations were made using methods described by Britton and Greeson (1987) . Triazines were analyzed by the author using enzyme-linked immunosorbent assay (ELISA) techniques described by Thurman and others (1990) . About 20 percent of the herbicide samples were sent to the U.S. Geological Survey National Water-Quality Laboratory for confirmation using gas chromatograph/mass spectrometry (GC/MS) methods (Sandstrom and others, 1991) . The reporting level for all herbicides except cyanazine using the GC/MS technique is 0.05 (ig/L (microgram per liter).The detection level for cyanazine is 0.20 (ig/L. Atrazine concentrations were estimated in samples not analyzed by GC/MS techniques using a least-squares regression of the relation between ELISA and GC/MS analyses ( fig. 4 ). Data points from samples having larger concentrations were more scattered than data points from samples having lower concentrations. Part of the scatter may be due to differences in the response of the ELISA method to various triazine herbicides (Thurman and others, 1990) . The data were transformed to log base-10 values to obtain an improved regression. Because of the limited number of samples, the data are clustered into two groups and thus may provide a misleading relation. However, (Thurman and others, 1990) have found a similar significant relation between ELISA and GC/MS results, and thus the regression line shown in figure 4 was used to estimate the atrazine concentrations in water from Corydon Reservoir from measurements from ELISA.
Calculation of Reservoir Storage
The water level in the reservoir was recorded hourly, and the amount of reservoir storage was calculated from the reservoir water level and the volume of the reservoir determined from the bathymetric map. Data on the amount of water withdrawn from the reservoir for municipal usage were provided by the City of Corydon.
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AREAL VARIATION IN WATER QUALITY, SEPTEMBER 1990
The results of an initial appraisal of Corydon Reservoir in September 1990 indicate that, with the exception of atrazine, there was little areal variation in the water quality of the reservoir (table 3) . Nearly constant water temperatures (19.1 to 20.2 °C) indicated that the reservoir was not thermally stratified. Nitrite plus nitrate concentrations as nitrogen were less than the detection level (0.10 mg/L), . Relation between total-atrazine concentrations analyzed by gas chromatograph/mass spectrometry (GC/MS) and total-triazine concentrations analyzed by enzyme-linked immunosorbent assay (ELISA).
and total-phosphorus concentrations were less than 0.20 mg/L. However, the estimatedatrazine concentrations, determined by ELISA, were more variable. Estimated-atrazine concentrations tended to decrease towards the dam and increase with depth ( fig. 5 ). Estimatedatrazine concentrations decreased from 2.7 ug/L in the north arm of the reservoir (site 60) to about 0.85 ug/L near the dam (site 90.2). The difference between the concentrations at the surface and near the bottom ranged from 0.20 to 0.60 ug/L, with the greater atrazine concentrations near the bottom of the reservoir.
SEASONAL VARIATION IN WATER QUALITY, SEPTEMBER 1990 TO SEPTEMBER 1991
In previously collected samples, concentrations of chemical constituents varied in Corydon Reservoir. However, results of this study better define the seasonal variability of physical properties and chemical and biological constituents and show that much of the variability is related to runoff from the agricultural basin. In addition to seasonal variability, seasonal vertical water-quality stratification was also noted. Persistence of the herbicides in the reservoir through the summer might be due, in part, to storage in the reservoir.
Physical Properties
Runoff from the basin was measured indirectly by recording the water level of the reservoir. A rise in the reservoir water level was assumed to be related primarily to surface-water inflow from intermittent streams that drain the basin. A small amount of input likely is from ground-water inflow. The reservoir water level remained below the level of the spillway during October and most of November 1990 ( fig. 6 ). Several rains (table 4) in November caused the water levels to rise to the spillway by the end of the month. When ice was present (December to the first part of March), the reservoir water level remained relatively constant. Daytime air temperatures greater than 0 °C during February caused snowmelt which entered the reservoir with a subsequent increase in water levels and discharge from the reservoir. Greater than or near average rainfall (National Oceanic and Atmospheric Administration, 1991) in south-central Iowa during March through June caused inflow to exceed the reservoir-storage capacity and excess water to discharge over the spillway. Reservoir water levels generally declined the remainder of the year because of the less-than-average rainfall (National Oceanic and Atmospheric Administration, 1991). One exception occurred when precipitation runoff caused substantial rises in the reservoir water level on July 9 to 11. Climatic changes caused seasonal variability in the water temperature ( fig. 6 and table 5). Monthly mean reservoir water temperatures ranged from 25.4 °C in August 1991 to 2.2 °C in January 1991 ( fig. 6 ). Although the monthly mean water temperatures remained greater than 0 °C, ice was present from December 1990 to February 1991.
Specific conductance, an indicator of the dissolved-solids concentration, generally was largest during the winter and early spring. The monthly mean specific conductance ranged from 333 uS/cm (microsiemens per centimeter at 25 C) in January to 189 uS/cm in May. Generally the largest specific-conductance values occurred when the reservoir was covered 1 Estimated concentrations using enzyme-linked immunosorbent assay techniques (Thurman and others, 1990) . with ice. This was similar to the conditions in several Minnesota prairie reservoirs (Smith and others, 1990 ).
Particulate matter, sediment originating from soil erosion in the basin, was a major factor in reducing reservoir transparency. The reservoir transparency and thus the ability of light to penetrate the water varied seasonally and was significantly (p<0.05) related to the total-solids concentration. Reservoir transparency, as indicated by the secchi-disk depth, was greatest during the months of January and February when there was little inflow to the reservoir and the water was calm because of the ice cover ( fig. 7) . Monthly mean secchi-disk depths were about 50 in. during both January and February. Monthly mean total-solids concentrations were 186 and 52 mg/L in January and February, respectively. In contrast, the secchi-disk depths decreased during April through June to less than 10 in. during the period of greatest inflow to the reservoir. The largest monthly mean total-solids concentrations were observed during these 4 months.
Chemical Constituents
Nutrients
Nitrogen and phosphorus in basin runoff originates from the natural cycling by chemical and biological processes and from agricultural sources (animal manure and chemical fertilizers). Agriculture probably provides the largest source of nitrogen to runoff. Farm surveys by Iowa State University Extension (Gerald Miller, written commun., 1991) The monthly mean total-nitrogen concentrations (nitrite plus nitrate nitrogen plus ammonia nitrogen plus organic nitrogen) increased from 0.80 mg/L in December 1990 to 3.5 mg/L in July 1991 and then decreased to 1.6 mg/L in August. Organic nitrogen was the predominant nitrogen species in 9 of the 11 sampling periods ( fig. 8) . Nitrite plus nitrate predominated in June and July after spring fertilizer applications. Peak ammonia nitrogen concentrations, which generally originate from the decomposition of organic matter, occurred in April and May.
The monthly mean total-phosphorus concentration increased from 0.05 mg/L in January 1991 to 0.34 mg/L in May 1991. Totalphosphorus concentrations were correlated with total-solids concentrations (r=0.74). This agrees with the findings of many researchers, including Meybeck (1982) , who found that the particulate form of phosphorus constituted about 95 percent of the total phosphorus carried by streams.
Herbicides
Concentrations of herbicides in water from
Corydon Reservoir were dependent on the time The composition of the agricultural chemicals in Corydon Reservoir during 1991 was substantially different from the summer of 1986. During the summer of 1986, atrazine and metolachlor were the predominant herbicides in one sample (Wnuk and others, 1987) . In contrast, the predominant herbicide in samples, collected in 1991 was cyanazine with lesser concentrations of atrazine. The maximum metolachlor concentration found in Corydon Reservoir during the summer of 1991 was 0.43 fj,g/L compared to the concentration of more than 20 ^ig/L in the summer of 1986. The reduction in metolachlor and the increase in cyanazine from 1986 to 1991 may be related to changing chemical usage or weather conditions. Once applied and transported into the reservoir by precipitation runoff, atrazine remained stored in the reservoir through the end of the water year. Monthly mean atrazine concentrations, estimated from ELISA, remained greater than 10 fj,g/L during June, July, and August and decreased to 8.9 fig/L in September. During this period, the reservoir water level dropped below the top of the spillway and, except for 2 days in July, the only water leaving the reservoir was from municipal withdrawal by the City of Corydon.
Biological Constituents
Biological constituents are indicators of the physical and chemical conditions in Corydon Reservoir. Chlorophyll-a, the primary photosynthetic pigment of phytoplankton, was used to evaluate the algal population. Enumeration of fecal coliform and fecal streptococci bacteria was used to estimate the amount of animal and human wastes entering the reservoir. Total organic carbon was used to estimate the amount of all biologically derived material, living and dead, in the reservoir. Dissolved oxygen was included with the biological constituents because dissolved oxygen is closely related to the distribution, behavior, and physiological growth of aquatic organisms (Wetzel, 1983) .
The phytoplankton population of Corydon Reservoir remained relatively constant through the year even though nutrient concentrations increased. The monthly mean chlorophyll-a concentrations generally ranged from 0.37 to 6.5 fj,g/L (table 6). One exception was in March when the monthly mean concentration was 19 fig/L  (fig. 9 ). The peak chlorophyll-a concentration in March is probably indicative of the increase in phytoplankton population with the onset of improved light conditions and the circulation of nutrient-rich water (Wetzel, 1983, p. 371) . Three factors may be important in controlling the algae population. The first factor may be the large concentrations of particulate material. As discussed previously, the solids transported to the reservoir by runoff reduced light penetration substantially in April through July. Thus algae production, dependent on sunlight for .09
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.03 <.10 <.01 _ <.10 < .02 <.10 < .06 <.10 < .03 <.10 <.01 -1 Estimated using enzyme-linked immunosorbent assay techniques (Thurman and others, 1990) . photosynthesis, was limited to the uppermost part of the water column. A second factor may be the presence of herbicides. Estimated-atrazine concentrations exceeded 8.0 ug/L from June through September. Atrazine, one of the triazine herbicides detected in Corydon Reservoir, inhibits the process of photosynthesis (Esser and others, 1975) and thus may limit algal production. Atrazine concentrations from 1.0 to 5.0 (ig/L have been found to affect algae populations (DeNoyelles and others, 1982) . Conversely, research has shown that some species are resistent to the effects of triazine herbicides and that these algae species may become established and flourish (Hersh and Crumpton, 1987; DeNoyelles and others, 1982) . Late in summer, algal populations were reduced through the application of an algicide (copper sulfate). Algicide was applied to the reservoir on August 18 and September 3,1991, to control the algae population (Don MaGee, Water Superintendent, City of Corydon, oral commun., 1992).
In contrast to the algal population, the concentrations of fecal coliform and fecal streptococci, organisms that normally live in the intestines of animals and humans, varied seasonally in relation to runoff. The greatest populations of both fecal coliform and fecal streptococci bacteria occurred during April and June, months when the reservoir level was variable because of precipitation runoff. The monthly mean population of fecal coliform was more than 5,000 and 4,500 col/100 mL (colonies per 100 milliliters) in April and June, respectively. The mean fecal streptococci population was 1,250 and 122 col/100 mL during April and June, respectively. The smallest bacterial populations (less than 10 col/100 mL) occurred in January when the reservoir was ice covered, the reservoir water level was constant, and runoff was minimal.
Seasonally, concentrations of total organic carbon varied slightly (table 10) . Concentrations were largest during months when the largest volume of runoff entered the reservoir ( fig. 9 ). Total-organic-carbon concentrations increased from less than 10 mg/L during the winter months to about 14 mg/L in April. Although organic carbon in the reservoir originates from several sources each with a different C:N (organic carbon to organic nitrogen) ratio, runoff from animal production may be a major source. Organic matter from animal wastes has a relatively high organic nitrogen content, and thus the C:N ratios are probably less than 10. Cropland residues undergo decomposition in which much of the organic nitrogen can be utilized, and thus the C:N ratios range from 45:1 to 50:1 (Hutchinson, 1957) . Organic matter produced by decomposition of plankton in the reservoir typically has a C:N ratio of about 12:1. The C:N ratio of samples collected during months where there was substantial inflow to the reservoir (April to June) from runoff had C:N ratios, with the exception of April, that were less than 10.
The monthly mean dissolved-oxygen concentrations ranged from 3.5 mg/L during June to 12.4 mg/L during March, which corresponds to monthly mean saturations of 44 and 103 percent, respectively ( fig. 9 and table 5). The largest concentration was in March when light penetration was 17 in., and the smallest concentrations were in June when the light penetration was the least and the total-solids concentrations were the largest. Dissolvedoxygen concentrations in March exceeded 100-percent saturation, which indicates that oxygen input into the reservoir by diffusion and photosynthesis exceeded diffusion out of the reservoir and the metabolic and decomposition processes that consume oxygen. Dissolvedoxygen concentrations were less than 50-percent saturation in June. A combination of factors may have caused oxygen to be removed faster than it could be replenished. Increased particulate matter from runoff decreased light penetration, causing decreased oxygen production by photosynthesis, and increased organic decomposition, which caused increased oxygen consumption.
Water-Quality Stratification
The water quality of Corydon Reservoir varied not only seasonally but also varied vertically during water year 1991. Thermal and chemical stratification were observed at sampling site 90 during two periods ( fig. 10 and  table 5 ). During the winter, inverse stratification, colder temperatures at the surface, was observed in the deepest part of the reservoir. This pattern occurred in both January and February. In February, air temperature rose above freezing, and snowmelt occurred. The snowmelt produced runoff that entered the reservoir, as evidenced by the peaks in reservoir water level. Snowmelt water was cold (0 C) and very dilute. Rather than mixing upon entering the reservoir, the less-dense snowmelt flowed along the top of the reservoir under the ice. The water temperature under the ice was 1.5 C compared to about 4.0 C in the rest of the water column. The specific conductance of the water near the surface was less (124 fiS/cm), and the dissolved-oxygen was greater (7.4 mg/L) than in the deeper water (table 5) . Therefore, the runoff from this snowmelt probably moved rapidly through the reservoir without mixing and did not have a great effect on the water quality of the reservoir.
The second period of stratification occurred as the water warmed in the spring. Stratification developed during the end of April and the first part of May. At site 90, the water temperature at the surface increased from 14.0 °C on April 15 to 29.0 °C on May 13. During the same period, water temperatures near the reservoir bottom remained nearly constant. On May 13, the dissolved-oxygen concentration decreased from 100-percent saturation at the surface to about 40-percent saturation near the bottom. Specific conductance and pH were nearly constant through the water column ( fig. 10 ). Stratification also was evident in the shallower parts of the reservoir in May. Water temperatures at site 40 decreased from 28.0°C at the surface to 21.0 °C near the bottom and at site 60 decreased from 28.0°C at the surface to 21.5 °C near the bottom. Stratification continued through the middle of June in the deeper parts of the reservoir. Slight temperature differences (1.5 to 3.0 °C) at site 90 were noted in July and August. The dissolvedoxygen concentration decreased substantially from the surface to the bottom in the deeper parts of the reservoir throughout the summer. Depletion of oxygen near the bottom indicates that biological decomposition of organic Figure 10. Vertical water temperature, specific conductance, pH, and dissolved-oxygen profiles at sampling site 90, Corydon Reservoir, water year 1991--Continued material was occurring and that surficial waters, saturated with oxygen, were not mixing rapidly with the deeper waters. Temperature and oxygen stratification did not appear to be accompanied by large vertical differences in the concentration of nitrogen species (table 6) , but atrazine concentrations commonly were greater at increased depths (table 8) .
SUMMARY AND CONCLUSIONS
An investigation to document the effects of agricultural land-use practices before the initiation of best-management practices on the water quality of the Corydon water-supply reservoir was conducted from September 1990 to September 1991. Historical water-quality data, an initial reservoir appraisal, and 1 year of monthly sampling were used to document the water quality.
Corydon Reservoir is located in central Wayne County, Iowa; covers about 58 acres; and contains about 344 acre-ft of water. The source of water in the reservoir is primarily runoff from the 1,680-acre agricultural basin. Fertilizers and herbicides are used in the production of corn and soybeans, the two main crops grown in the basin.
Sediment eroded from the basin has filled part of the reservoir, which has required that the dam be raised to increase the reservoir storage capacity. Concentrations of two herbicides, atrazine and metolachlor, exceeded 20 ug/L in June 1986.
The results of an initial areal appraisal of the water quality of the reservoir on September 19 and 20, 1990, indicate that, with the exception of atrazine concentrations, there was little water-quality variation in the reservoir. The reservoir was not stratified, nitrite-plusnitrate concentrations were less than 0.10 mg/L, and total-phosphorus concentrations were less than 0.20 mg/L. Estimated-atrazine concentrations decreased from 2.7 ug/L in the north arm of the reservoir to 0.85 ug/L near the dam.
The results of the monthly sampling indicated that runoff into the reservoir was greatest from April through July during the periods of greatest rainfall. Several physical, chemical, and biological constituents were related to runoff into the reservoir. Total-solids concentrations were largest and transparency of reservoir water was the least during months of largest runoff. Concentrations of nitrite-plusnitrate and estimated triazines were largest after application in late May and early June. The concentrations of the sum of all triazines analyzed exceeded 50 ug/L in one sample in August. Atrazine and cyanazine were the predominant triazine herbicides in solution. The atrazine concentration was greater than 8.0 ug/L from June through September due to storage in the reservoir. Even though nutrient concentrations increased, the algae population remained relatively constant. Three factors may be controlling the algae population light reduction due to suspended solids, the presence of herbicides, and the application of algicides. Concentrations of total organic carbon varied seasonally in relation to runoff. One source of the organic carbon, as indicated by C:N ratios, may be from animal wastes. Bacterial decomposition of this organic matter may cause decreased dissolved-oxygen concentrations during summer months.
The water quality in Corydon Reservoir not only varied seasonally but varied vertically at times during water year 1991. Inverse stratification occurred in February when snowmelt entered the reservoir and flowed along the top of the water column. Warming in the spring caused the reservoir to become thermally stratified in May and June. Dissolved-oxygen concentrations decreased from the surface to the bottom in the deeper parts of the reservoir. Temperature and oxygen stratification did not appear to be accompanied by large vertical differences in the concentration of nitrogen species, but atrazine concentrations commonly were greater at increased depths.
The data presented in this report will be useful in comparing 1991 reservoir water quality and discharge to water quality and discharge after the installation of conservation structures, such as terraces and grass waterways, to control runoff and after the initiation of agricultural best-management practices designed to make more efficient use of agricultural chemicals.
